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Abstract
Objective: To investigate: (i) how lunch frequency of adolescents varies between
schools and between classes within schools; (ii) the associations between
frequency of lunch and individual sociodemographic factors and school
characteristics; and (iii) if any observed associations between lunch frequency
and school characteristics vary by gender and age groups.
Design: Cross-sectional study in which students and school headmasters completed
self-administered questionnaires. Associations were estimated by multilevel multi-
variate logistic regression.
Setting: The Danish arm of the Health Behaviour in School-Aged Children study 2010.
Subjects: Students (n 4922) aged 11, 13 and 15 years attending a random sample of
seventy-three schools.
Results: The school-level and class-level variations in low lunch frequency were
small (intraclass correlation coefﬁcient <2·1 %). At the individual level, low lunch
frequency was most common among students who were boys, 13- and 15-year-olds,
from medium and low family social class, descendants of immigrants, living in a
single-parent family and in a reconstructed family. School-level analyses suggested
that having access to a canteen at school was associated with low lunch frequency
(OR= 1·47; 95% CI 1·14, 1·89). Likewise not having an adult present during lunch
breaks was associated with low lunch frequency (OR= 1·44; 95% CI 1·18, 1·75).
Cross-level interactions suggested that these associations differed by age group.
Conclusions: Lunch frequency among Danish students appears to be largely
inﬂuenced by sociodemographic factors. Additionally, the presence of an adult
during lunch breaks promotes frequent lunch consumption while availability of a
canteen may discourage frequent lunch consumption. These ﬁndings vary
between older and younger students.
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The study of nutrition and food intake is an acknowledged
topic in adolescent health. In the last few years a range of
studies have suggested that also meal habits are related
to adolescents’ health. Infrequent meal consumption
among adolescents is associated with poor diet, over-
weight and an inability to concentrate in school(1–11). Most
of these studies have looked at breakfast consumption
while only a few studies have included frequency of other
meals(1,2,4,6,8,11). Infrequent lunch consumption is common
among adolescents in many countries(8,12–17) and lunch
consumption among adolescents is of interest, given that
lunch frequency in adolescence predicts lunch frequency
in adulthood(18). Like other health behaviours, infrequent
lunch consumption may be more common among speciﬁc
sociodemographic groups. To adequately address these
issues it is important to understand the social patterning of
lunch habits. Since most adolescents spend most of their
day – including lunch time – at school, the school setting
may be an important component in understanding the social
patterning of lunch habits.
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Few studies have investigated the association between
sociodemographic factors and lunch frequency. Those that
have been conducted have had variable ﬁndings. Among
Swedish 14–15-year-olds, no gender or socio-economic
differences (measured by an area-level measure of socio-
economic position) in lunch frequency was found(19).
Another study of 15–16-year-olds in Sweden found no
differences in lunch frequency by gender, parental edu-
cation or ethnic background(8). A Chinese study among
12–14-year-olds found no differences in lunch frequency
by family afﬂuence(13). Abudayya et al. found no age
differences in lunch frequency among 12–15-year-olds
living in Gaza, but low lunch frequency was more com-
mon among boys and adolescents of mothers with low
educational levels(14). We have not identiﬁed any studies
on lunch frequency and family structure, but frequent
breakfast consumption appears to be more prevalent in
two-parent families(20–23). In Denmark, there are no gender
differences in lunch frequency among adolescents, but
lunch frequency appears to decline with increasing age(4).
In many countries, adolescents eat lunch at, or near,
school, and the school thereby constitutes an important
setting for promoting lunch consumption. Still, only a few
studies have examined the association between char-
acteristics of the school setting and healthy eating(24–26)
and the literature on school characteristics and lunch,
speciﬁcally, is limited. Within the school setting the clus-
tering of students in school classes may also be relevant as
students here may be strongly inﬂuenced by their class-
mates’ behaviour, attitudes and beliefs about lunch. This
inﬂuence could be particularly strong in school systems
with stable structures of students belonging to the same
school classes throughout ten years of school life. To
our knowledge, there have been no studies examining
explanatory factors for school or school class differences
in student lunch frequency. Neumark-Sztainer et al. found
that a school policy allowing students to leave school
during lunch breaks was positively associated with lunch
consumption at fast-food restaurants(27), but it remains
unknown if such policies are associated with the overall
frequency of lunch consumption. Some studies have
found that the provision of lunch at school appears to
inﬂuence adolescents’ dietary intake(28,29), but no studies
have investigated whether availability of a school food
stand/canteen inﬂuences whether or not students eat
lunch. The presence of an adult in the home has been
found to be associated with a greater likelihood of eating a
healthy lunch(30) but we have not found studies that
examine if adult presence during lunch breaks is asso-
ciated with frequency of lunch consumption. Also, too
little time scheduled for lunch breaks at schools may
inﬂuence lunch frequency as adolescents spend their
lunch break on many other activities than eating (e.g.
playing football, hanging out with friends, talking and
participating in social interactions)(31). Further, availability
of a refrigerator for storage of packed lunches may
promote lunch frequency. Finally, it is unknown whether
predictors of lunch frequency vary by gender and age.
Ecological theory proposes that health behaviours are
inﬂuenced by several contextual levels such as indivi-
dual factors (e.g. sociodemographic factors), meso-level
factors such as school and family settings, and macro-
level factors such as country-level policies(32–34). It has
been suggested that these levels may modify the effect
of each other(35,36). The aim of the present study was
therefore to identify sociodemographic and school-level
factors that may inﬂuence lunch consumption among
adolescents. Speciﬁcally, the research questions
included:
1. Does lunch frequency among adolescents vary
between schools and between school classes within
schools?
2. Are individual sociodemographic factors and charac-
teristics of the school associated with lunch frequency?
3. Are any observed associations between characteristics
of the school and lunch frequency modiﬁed by the
gender or age of the students?
Methods
The Danish school setting
All Danish children are entitled to schooling at Danish
public primary and lower secondary schools. This school-
ing includes a one-year pre-school class followed by nine
years of primary and lower secondary school. Private
schools exist where approximately 85% of the expenses are
paid for by the local government and the remaining part
is paid for by the parents. Every school in Denmark is
governed by a board. The board is elected by and com-
posed of parents of the students within the school. The
school headmaster participates in the board meetings but is
not a board member. Students usually stay in the same
school class throughout the ten years of schooling(37). There
is no national provision of school meals. Students are
expected to bring a packed lunch from home or buy lunch
from the school food stand or canteen, if available. The
difference between a food stand and canteen differs from
school to school, but a canteen often has a wider selection
of food than a food stand and it is possible for the students
to sit and eat at the canteen. Approximately 60% of 11−14-
year-old students in Denmark bring a packed lunch from
home and this packed lunch often consists of rye bread
with cold cuts(18). In the present study most of the students
ate their lunch in their classroom (86 %). In some instan-
ces, the teacher was present during the lunch break, eating
his or her own lunch meal.
Study design and study population
We used Danish data from the international cross-sectional
study ‘Health Behaviour in School-aged Children’
(HBSC)(38). Data collection is conducted every fourth year
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among students aged 11, 13 and 15 years (in Denmark,
equivalent to 5th, 7th and 9th grade, respectively) in a
random sample of schools (i.e. cluster sampling). The stu-
dents completed the self-administered, internationally
standardised and anonymous HBSC questionnaire at
school(39). In 2010 the Danish sample included 137 schools,
of which seventy-three agreed to participate. The reason for
non-participation was almost always that the school had
recently participated in a similar survey and did not want to
invest time in yet another study. We do not suspect that this
non-participation pattern resulted in selection bias. Within
these seventy-three schools, sixty-nine headmasters com-
pleted a questionnaire about the school setting, response
rate 69/73= 94·5 %. The participating schools comprised
5704 students in 302 classes. Of these, 4985 students in 280
participating classes were present on the day of data col-
lection, and 4922 students submitted a satisfactorily
answered questionnaire (ﬁfteen did not ﬁll out the ques-
tionnaire, thirty-eight did not indicate gender and ten were
subjectively evaluated as unserious). The response rate was
86·3 % (4922/5704). The mean ages of the participants in
grade 5, 7 and 9 were 11·8 (SD 0·4) years, 13·6 (SD 0·3) years
and 15·8 (SD 0·4) years, respectively.
The study was conducted according to the guidelines
laid down in the Declaration of Helsinki. In Denmark
there is no formal agency that grants ethical approval of
school-based surveys. We received study approval from
the school headmaster, the parents’ school board and the
students’ council in each of the participating schools.
The students received oral and written information that
participation was voluntary and anonymous.
Measurements
Dependent variable: lunch frequency
In the literature the deﬁnition of lunch consumption
varies(4,8,13,14,19) and terms such as lunch pattern, skipping
lunch and regularity of lunch are used across the literature.
Based on the inconsistent terminology and deﬁnitions
applied in the literature, we have chosen to use the term
‘lunch frequency’, which best describes our measure.
Furthermore, in the present study, we applied the
approach that lunch frequency can still be deﬁned as
frequent despite occasionally being skipped.
Lunch frequency was measured by a frequency question
on weekdays that is part of the Danish HBSC questionnaire.
We dichotomized the variable and deﬁned low lunch
frequency as consuming lunch on fewer than four out of
ﬁve weekdays (Table 1). Sensitivity analyses involving cut-
off points deﬁned by two and four weekdays or less,
respectively, were conducted. These showed no changes
in the directions of association. The lunch frequency item
has been validated in a Danish validation study against
24 h recall measures among 11–15-year-olds, demonstrat-
ing 84 % agreement and κ= 0·54 for the dichotomized
variable (TP Pedersen, BE Holstein, B Laursen et al.,
unpublished results, available upon request). Also, the
measure of lunch frequency was included in a larger quali-
tative validation study of meal habits where the face and
content validity of the lunch frequency item were tested
among students in three age groups (11-, 13- and 15-year-
olds). In total we conducted twenty gender-divided focus
group discussions at ﬁve schools with two to ﬁve students in
each group. The objective was to learn about the students’
perceptions and experiences of the measure immediately
after they had answered the questionnaire; further, to
understand how they understood the concepts breakfast,
lunch and evening meal. We found high face validity with
regard to lunch as the students found it easy to answer the
item and the term lunch was a generally used concept. Only
a few students found it difﬁcult to deﬁne the term lunch. To
clarify the content validity the students were asked about the
concept of a propermeal in themiddle of the day. Especially
the youngest had trouble deﬁning a ‘proper meal’ but they
mentioned both healthy and unhealthy foods and good
tasting and deﬁned lunch as their packed lunchor something
that made them full. Further, it had to be ‘proper food’. The
study also revealed that the understanding of a meal and
meal norms differs by migration status and family culture
(CA Johnson and TP Pedersen, unpublished results,
available upon request).
Individual level: sociodemographic variables
We included gender, age group, socio-economic position,
migration status and family structure in the analyses. Grade
(5th, 7th and 9th) was used as a proxy for age as the age
variation within grades in Denmark is small. Socio-
economic position was measured by family occupational
social class. Most students are able to report their parents’
occupation in a valid way(40). Students’ responses to items
about parent occupationwere coded into family social class
by the research staff and categorized into high, medium and
low family social class. We followed the deﬁnitions of social
class applied by the Danish National Institute of Social
Research, which is almost identical to the UK Registrar
General’s classiﬁcation(41,42). Migration status was assessed
by self-report and students were classiﬁed as natives, des-
cendants of immigrants and immigrants based on their
responses to items assessing their own and their parents’
birth countries. Students’ family structure was described as
traditional family (living with two biological parents), single
parent, reconstructed family (living with mother and step-
father or with father and stepmother) and other family types
(e.g. foster homes; Table 1).
School level: school characteristics variables
Six school characteristics variables were included: (i) school
rules that allow students to leave school during lunch
break separately in the three age groups (yes/no);
(ii) availability of a canteen (yes/no); (iii) availability of
school food stand (yes/no); (iv) length of lunch break
(asked separately in the three age groups and categorized
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as less than 15 min v. more than 15 min); (v) presence
of an adult during lunch breaks (asked separately in the
three age groups and categorized into never/seldom
v. always/most of the time); and (vi) availability of a
refrigerator for storage of packed lunch (asked separately
in the three age groups and categorized into no (‘no’; ‘yes,
in a few classes’) v. yes (‘yes, in all classes’; ‘yes, in some
classes’; Table 1).
Table 1 Item wording, response keys and categorization used in the analyses
Item wording Response keys Categorization used in analyses
Dependent variable: lunch frequency
‘On WEEKDAYS, how often do you usually have lunch
(a proper meal in the middle of the day)?’
I never have lunch on weekdays Low lunch frequency (never, one, two,
three days)One day
Two days High lunch frequency (four and five days)
Three days
Four days
Five days
Individual-level sociodemographic variables
Gender
‘Are you a boy or girl?’ Boy Boy
Girl Girl
Grade
‘Which grade do you attend?’ 5th 5th (equals 11-year-olds)
7th 7th (equals 13-year-olds)
9th 9th (equals 15-year-olds)
Family social class
The students were asked about their parents’
occupation. This information was coded by the
research group and categorized into six groups
Social class I High social class (I, II)
Social class II Medium social class (III, IV)
Social class III Low social class (V + economically
inactive)Social class IV
Social class V
Economically inactive
Migration status
The student were asked where they and their parents
were born and categorized into three groups
Natives Natives
Descendants of immigrants Descendants of immigrants
Immigrants Immigrants
Family structure
The students were asked about who they live with
and categorized into four groups
Traditional (living with two biological
parents)
Traditional
Single parent
Single parent
Reconstructed (living with mother and
stepfather or with father and
stepmother)
Reconstructed
Others (e.g. foster homes) Others
School characteristics variables
School leaving policy
‘Are the students at your school allowed to leave
school?’
No No
Yes Yes
Yes for students in the following
grades___________________
Availability of school food stand/canteen
‘Do the students have access to the following
facilities: School food stand?
Yes/No Yes/No
Canteen?’ Yes/No Yes/No
Time for lunch
‘How long time is scheduled for lunch?’ asked
separately for 5th, 7th and 9th grade
Less than 10min Less than 15min
10–14min More than 15min
15–19min
20–24min
25–29min
30min or more
Adult present
‘Is there an adult present during lunch breaks?’ asked
separately for 5th, 7th and 9th grade
Yes Yes (yes; always; yes, the most of the
time; sometimes)Always
Yes, the most of the time Seldom/never (seldom; never)
Sometimes
Seldom
Never
Availability of refrigerator
‘Is there a refrigerator available for the students?’
asked separately for 5th, 7th and 9th grade
Yes, in all classes Yes (yes, in all classes; yes, in some
classes)Yes, in some classes
Yes, in a few classes No (yes, in a few classes; no)
No
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Statistical analyses
All analyses were conducted using the statistical software
package SAS version 9·3 and accounted for the clustering of
the data. In the descriptive analysis, proportions and χ2 tests
of signiﬁcance were used to examine sociodemographic
(gender, age group, family social class, migration and
family structure) differences in lunch frequency. The mean
proportion of students with low lunch frequency was
generated for each school. Multilevel logistic regression
models were generated to study the associations between
low lunch frequency and individual-level and school-level
variables. We speciﬁed three-level models (students
nested within classes nested within schools) using PROC
GLIMMIX. We used a four-step analytical strategy. First, a
pure random-effect model was used to estimate the varia-
tion in low lunch frequency between schools and between
school classes within the same school. In the second step,
individual-level sociodemographic variables were included
to investigate their associations with low lunch frequency
and to examine how much of the between-school variance
in low lunch frequency was explained by the student
composition of schools. In the third step we included the
school characteristics variables and controlled for socio-
demographic variables. Finally, we tested modiﬁcation by
means of testing for cross-level interaction between the
school-level variables and gender and age group. We
included interaction terms in the model one at a time.
Interaction terms with P< 0·1 were explored in detail by
examining the joint effect, i.e. the combined effect of two
variables(43). By including the combined effect it is possible
to compare the different combinations of the two variables
with a common reference category whereby it is possible
to identify protective combinations(44). The model ﬁt (i.e.
dispersion parameter) of all the models ranged between
0·95 and 0·98, which indicate that the model ﬁtted the data.
The ﬁnal full model ﬁt was 0·98.
To examine the variation in low lunch frequency between
school and school classes, the intraclass correlation coefﬁ-
cient (ICC) was calculated for school level and school class
level as a measure of the correlation between observations
within schools and between classes within a school. The
ICC was calculated for low lunch frequency among students
within different classes as ICCschool ¼ σ23=ðσ23 + σ22 + σ21Þ and
the ICC for students within the same class and school
was calculated as ICCschool class ¼ ðσ23 + σ22Þ=ðσ23 + σ22 + σ21Þ(45),
where σ23 is the variance between schools, σ
2
2 is the variance
between school classes, and σ21 is the variance between
individuals and approximated due to use of a logit scale as
σ21 ¼ π2=3 ¼ 329(46).
In the initial analyses, family social class, family structure
and migration status were included separately in the analyses.
The direction of the estimates for the association between
low lunch frequency and family social class, family structure
and migration status, respectively, did not change. In the
analyses including family social class and family structure,
missing values were kept as a separate category. The analyses
were run with and without missing as a separate category
and the estimates did not change much; in the ﬁnal ana-
lyses missing were kept as a separate category for the two
variables to avoid losing observations and power.
Results
Descriptive results
Nearly one-quarter of students had low lunch frequency
and this was more common among boys than girls
(P= 0·011; Table 2). The proportion of students with low
lunch frequency increased with age group (P< 0·001).
Low lunch frequency was more common among students
from medium and low family social class (P< 0·001),
among descendants of immigrants and immigrants
(P= 0·002), and among students from single parent and
reconstructed families (P< 0·001).
At the school level we found that there were no schools
that allowed 11-year-olds to leave school during breaks.
Among schools with 13- and 15-year-olds, 23 % and 40%,
respectively, permitted leaving the school during lunchtime
(Table 3). The proportion of 13-year-olds with low lunch
frequency at schools that permitted leaving school was
26·0%, and this was signiﬁcantly higher compared with
schools not allowing students to leave school (19·3 %;
P< 0·001). Among 15-year-olds the difference between the
two categories of schools was not signiﬁcant. The propor-
tion of schools that had more than 15min allocated for
lunch breaks was higher in the schools with younger stu-
dents. The proportion of students with low lunch frequency
was similar for both lunch break duration categories and for
all three age groups. Likewise, having an adult present at
lunch breaks was common among 11-years-olds (88%) but
uncommon among 15-year-olds (28%). The proportion
of 11-year-olds with low lunch frequency at schools that
seldom had an adult present was 31·0 %, and this was
signiﬁcantly higher compared with schools where an adult
was present during lunch breaks (19·5 %; P< 0·001). We
found the same pattern among the 13- and 15-year-olds
although the differences were not signiﬁcant among the 15-
year-olds. Access to a refrigerator in class was also most
common among the schools with 11-year-olds (73·9%) and
less common in schools with older students. The proportion
of students with low lunch frequency did not differ sig-
niﬁcantly between schools with and without refrigerators
available. A school food stand was available in more than
half of the schools, while a canteen was not that common
(11·6%). The proportion of students with low lunch fre-
quency did not differ signiﬁcantly between schools with and
without a school food stand and canteen available.
Multilevel analyses
In the initial random-effect model the between-school
variance in low lunch frequency was small (ICCschool=1·0%),
whereas a larger school class-level variance in low lunch
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Table 2 Age-specific distribution of sociodemographic variables and the proportion of students with low lunch frequency, Danish arm of the Health Behaviour in School-Aged Children study 2010
11-year-olds 13-year-olds 15-year-olds Total
(n 1718) (n 1481) (n 1290) (n 4489)
Low lunch frequency* Low lunch frequency* Low lunch frequency* Low lunch frequency*
Individual level n n % n n % n n % n n %
Sociodemographic variables
Gender
Boys 859 166 19·3 741 214 28·9 649 182 28·0 2249 562 25·0
Girls 859 135 15·7 740 200 27·0 641 153 23·9 2240 488 21·8
Family social class
High 529 68 12·9 465 96 20·7 455 91 20·0 1449 255 17·6
Medium 573 107 18·7 565 167 29·6 496 138 27·8 1634 412 25·2
Low 280 49 17·5 258 81 31·4 183 57 31·2 721 187 25·9
Missing 336 77 22·9 193 70 36·3 156 49 31·4 685 196 28·6
Migration status
Natives 1503 245 16·3 1321 372 28·2 1120 273 24·4 3944 890 22·6
Descendants 149 42 28·2 99 25 25·3 112 41 36·6 360 108 30·0
Immigrants 66 14 21·2 61 17 27·9 58 21 36·2 185 52 28·1
Family structure
Traditional 1147 187 16·3 921 220 23·9 804 173 21·5 2872 580 20·2
Single parent 289 67 23·2 273 105 38·5 251 83 33·1 813 255 31·4
Reconstructed 142 25 17·6 168 58 34·5 149 57 38·3 459 140 30·5
Others 30 3 10·0 32 9 28·1 13 7 53·9 75 19 25·3
Missing 110 19 17·3 87 22 25·3 73 15 20·6 270 56 20·7
*Low lunch frequency defined as eating lunch on less than four days per week.
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Table 3 Age-specific school characteristics variables (n and %) and proportion with low lunch frequency (mean and 95% CI), Danish arm of the Health Behaviour in School-Aged Children
study 2010
11-year-olds 13-year-olds 15-year-olds
Proportion with low lunch frequency Proportion with low lunch frequency Proportion with low lunch frequency
School level (n 69) n % Mean 95% CI n % Mean 95% CI n % Mean 95% CI
School characteristics variables
School leaving policy
Allowed 0 0·0 0·0 – 16 23·2 26·0 22·8, 29·3 28 40·6 24·1 21·3, 26·9
Not allowed 69 100·0 20·8 18·5, 23·2 53 76·8 19·3 16·5, 22·1 41 59·4 18·6 15·2, 22·0
Missing 0 0·0 0·0 – 0 0·0 0·0 – 0 0·0 0·0 –
Time for lunch
Less than 15min 29 42·0 21·5 18·6, 24·4 22 31·9 22·5 19·9, 25·0 17 24·6 22·6 21·1, 24·2
More than 15min 40 58·0 20·3 16·8, 23·9 31 44·9 22·6 18·9, 26·4 26 37·7 24·1 20·5, 27·7
Missing 0 0·0 0·0 – 16 23·2 15·1 9·1, 21·2 26 37·7 16·4 11·6, 21·2
Adult present
Yes 61 88·4 19·5 17·1, 21·9 34 49·3 20·0 16·9, 23·1 19 27·5 20·2 16·6, 23·8
Seldom 8 11·6 31·0 26·4, 35·6 20 29·0 27·0 24·3, 29·8 26 37·7 25·3 22·5, 28·0
Missing 0 0·0 0·0 – 15 21·7 14·6 8·2, 21·0 24 34·8 16·6 11·4, 21·7
Availability of refrigerator
No 18 26·1 21·6 16·8, 26·3 21 30·4 23·9 20·1, 27·6 22 31·9 25·9 23·1, 28·7
Yes, in a few classes 51 73·9 20·6 17·8, 23·4 33 47·8 21·7 18·6, 24·9 23 33·3 20·5 17·0, 23·7
Missing 0 0·0 0·0 – 15 21·7 14·6 8·22, 21·0 24 34·8 16·6 11·4, 21·7
The variable ‘availability of school food stand/canteen (yes/no)’ was not asked age-specific but for the entire school and the distribution was as follows. Canteen: no, n 60 (87·0%); yes, n 8 (11·6%); missing, n 1 (1·5%);
mean proportion with low lunch frequency: no, 20·3 (95% CI 17·9, 22·7) %; yes, 27·6 (95% CI 20·4, 34·8) %; missing, 0·0%. School food stand: no, n 28 (40·6%); yes, n 40 (58·0%); missing, n 1 (1·5%); mean proportion
with low lunch frequency: no, 20·2 (95% CI 16·4, 24·0) %; yes, 21·8 (95% CI 18·8, 24·8) %; missing, 0·0%.
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frequency was identiﬁed (ICCschool class= 5·7 %). Inclusion
of individual-level sociodemographic factors showed that
most of the class-level variance in low lunch frequency
was due to individual-level variables, i.e. the composition
of students in the classes (ICCschool class=3·1 %). In the
full model, which also included the school-level variables,
the calculated ICC values were small (ICCschool= 0·4 %,
ICCschool class= 2·1 %; Table 4).
In the sociodemographic model, all sociodemographic
variables were associated with low lunch frequency
(Table 4). In the full model, there were two school-level
variables with signiﬁcant associations with low lunch
frequency. Students attending schools with a canteen were
signiﬁcantly more likely to have low lunch frequency.
Likewise, limited adult presence during lunch was sig-
niﬁcantly associated with low lunch frequency.
Finally, there were signiﬁcant cross-level interactions
between availability of canteen and age group (P= 0·019)
and an adult present and age group (P= 0·089; Table 4).
Figures 1 and 2 illustrate the signiﬁcant interaction terms
Table 4 Sociodemographic and school effects on low lunch frequency: results from multilevel logistic regression analyses, Danish arm of the
Health Behaviour in School-Aged Children study 2010
Random-effect model
(n 4429)
Sociodemographic model
(n 4429)
Full model
(n 4303)
Random effects
School variance 0·033 0·017 0·015
SE 0·030 0·023 0·025
School class variance 0·164 0·087 0·055
SE 0·048 0·041 0·040
ICCschool 0·010=1·0% 0·005=0·5% 0·004=0·4%
ICCschool class 0·057=5·7% 0·031=3·1% 0·021=2·1%
Fixed effects
Individual level
OR for low
lunch
frequency 95% CI
OR for low
lunch
frequency 95% CI
Sociodemographic variables
Age group
13-year-olds v. 11-year-olds 1·82 1·50, 2·21 1·60 1·30, 1·97
15-year-olds v. 11-year-olds 1·63 1·33, 2·00 1·36 1·06, 1·74
Gender
Boys v. girls 1·21 1·05, 1·40 1·22 1·05, 1·41
Family social class
Medium v. high 1·51 1·26, 1·81 1·51 1·26, 1·82
Low v. high 1·48 1·18, 1·86 1·45 1·15, 1·83
Migration status
Descendants v. natives 1·39 1·07, 1·81 1·37 1·06, 1·79
Immigrants v. natives 1·16 0·82, 1·66 1·12 0·78, 1·59
Family structure
Single parent v. traditional 1·67 1·40, 2·01 1·63 1·36, 1·96
Reconstructed v. traditional 1·68 1·34, 2·10 1·65 1·31, 2·08
Other v. traditional 1·18 0·68, 2·03 1·16 0·66, 2·03
School level
OR for low
lunch
frequency 95% CI
School characteristics variables
School leaving policy
Not allowed v. allowed 0·97 0·77, 1·22
Availability of canteen
Yes v. no 1·47 1·14, 1·89
Availability of school food stand
Yes v. no 1·20 0·98, 1·47
Time for lunch
More than 15min v. less than 15min 1·05 0·87, 1·26
Adult present
Seldom v. yes 1·44 1·18, 1·75
Availability of refrigerator
Yes v. no 1·01 0·84, 1·21
Significant cross-level interactions P value
Availability of canteen×age group 0·019
Adult present × age group 0·089
ICC, intraclass correlation coefficient.
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by analyses with a joint reference category. An increased
risk of low lunch frequency was observed among both
13- and 15-year-olds in schools with canteens, whereas there
were no differences in lunch frequency for 11-year-olds
(Fig. 1). In contrast, the presence of an adult appeared to
act as a protective factor for low lunch frequency among
11-year-olds, but not among the older students (Fig. 2).
Discussion
The present study has four key ﬁndings. First, we found
little variation in low lunch frequency between schools
and between classes within schools. Second, lunch fre-
quency was associated with adolescents’ sociodemographic
background. We found higher odds for low lunch frequency
among boys, 13- and 15-year-olds, medium and low
family social class, descendants of immigrants, and single
parent and reconstructed families. Third, the presence
of an adult during lunch breaks appeared to promote
frequent lunch consumption while the opposite was
observed for availability of a canteen. Fourth, these asso-
ciations appeared to vary between older and younger
students.
In the present study we found that most of the variation
in lunch consumption was attributable to variables at the
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
O
R
11-year-olds
Canteen
available
11-year-olds
No canteen
available
13-year-olds
Canteen
available
13-year-olds
No canteen
available
15-year-olds
Canteen
available
15-year-olds
 No canteen
available
1.00OR
Lower 95 % CI
Upper 95 % CI
0.93
0.64
1.37
1.98
1.28
3.08
1.41
0.96
2.08
2.38
1.50
3.78
1.09
0.72
1.64
Fig. 1 Odds ratios (and 95% confidence intervals, represented by vertical bars) for low lunch frequency by combinations of age
group and availability of a canteen, adjusted for sociodemographic variables, Danish arm of the Health Behaviour in School-Aged
Children study 2010
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individual level. We have not been able to identify studies
that have investigated school- and class-level variation in
lunch consumption. With regard to low breakfast fre-
quency, one study found a class-level variation among
Danish 14–16-year-olds (school class ICC= 3·2 %)(47).
However, since breakfast is commonly consumed at home
and lunch is commonly consumed at school, it is difﬁcult
to compare the results.
Our ﬁnding with regard to boys having low lunch
frequency more often than girls is consistent with ﬁndings
from Gaza(14), but not with previous studies in Denmark
or Sweden(4,19). Our ﬁnding that lunch frequency
decreases with age is consistent with previous studies in
Denmark(4), but not with the study from Gaza(14). Our
results showed that low socio-economic position was
associated with low lunch frequency and this ﬁnding is
consistent with one previous study(14), but other studies
have not identiﬁed such social patterns(8,13,19). Our ﬁnding
that descendants of immigrants more often have low lunch
frequency than the majority population is not comparable
with any existing studies, since no study to our knowledge
has examined lunch frequency among descendants of
immigrants. Sjöberg et al. found no ethnic differences (one
Nordic parent v. others) in lunch consumption among
Swedish 15–16-year-olds(8). Our results showed that
adolescents from single parent and reconstructed families
had higher odds of low lunch frequency compared
with adolescents from traditional families. We have not
identiﬁed any studies investigating this association, but
similar ﬁndings exist for low breakfast frequency(20–23).
The clear associations with several sociodemographic
factors and adolescents’ lunch frequency indicate that
adolescents’ living conditions may inﬂuence their frequency
of lunch.
To our knowledge, the present study is one of the ﬁrst
to investigate how school characteristics are associated
with students’ lunch frequency. The presence of an adult,
which is likely to be a teacher or another pedagogical
employee at the school during lunch break, appears to
promote frequent lunch consumption. However, the
cross-level interactions and joint effect analyses suggest
that having an adult present at lunchtime may be most
important for lunch frequency among younger students.
Young and Fors found that the presence of an adult at
home promoted a healthy lunch(30), which corresponds
to our ﬁnding. In line with Bandura’s social learning
theory(48), a common feature for the two different settings
may be that adolescents learn behaviour by observing
others, for instance an adult eating his or her own lunch
during the lunch break. The presence of a teacher may
assure a calm atmosphere where the adolescents can
eat in peace but we have no data to support such an
interpretation. Our ﬁnding that availability of a canteen
promoted low lunch frequency was unexpected. Cross-
level interactions and joint effect analyses suggested that
the effect of school canteens on lunch consumption may
be most detrimental for older (13–15-year-olds) students.
However, our measure of availability did not account for
other factors that may inﬂuence lunch consumption, such
as supply, price, variety and quality of the food offered in
canteen. Our ﬁndings may reﬂect that the choice of food
in the canteen is too limited in which case some students
might replace their lunch with snacks from the canteen.
They may not consider such snacks to constitute a meal
and thereby they report having skipped lunch(49). The
ﬁnding might also reﬂect that parents of students at
schools with no canteen may be more aware of providing
a packed lunch from home. Consistent with our ﬁndings,
Krølner et al. found that availability of fruit and vegetables
at schools did not promote student fruit and vegetable
consumption(26). School policies such as allowing students
to leave school during school hours, total time available
for lunch and availability of refrigerators in classrooms
did not show any signiﬁcant associations with lunch
frequency. To our knowledge, these aspects of the school
environment have not been previously examined with
regard to lunch consumption.
Comparing conclusions across studies is difﬁcult due to
differences in country settings. This is also the case for the
present study, where meal culture and norms may differ
signiﬁcantly. Such cultural differences may contribute in
part to the described differences between the ﬁndings of
the present study and previous ﬁndings.
Strengths and limitations
The main strengths of the present study are the inclusion
of a large, nationally representative sample of adolescents
with data from two sources: the school headmaster and
the students. The response rates within the participating
schools were high at both the school and student level.
Initial pilot studies suggested that the measurement of
lunch frequency was valid.
There are a few limitations to consider, though, in
interpreting our ﬁndings. The response rate in the parti-
cipating schools was high but the risk of selection bias
cannot be neglected. If the students who did not answer
the questionnaire are more likely to come from low-
resource families and also more likely to skip lunch, then
we have underestimated the associations between the
sociodemographic factors and lunch frequency.
We suspect that use of information from the school
headmaster may result in some information bias as they
may not be informed in details, for example about the
presence of an adult during lunch breaks. Teachers may
provide an alternative information source for future
collection of school- and school class-level data.
There may have been other individual-level factors
related to adolescent lunch consumption, but they were
beyond the scope of the current study. Speciﬁcally, low
lunch frequency and meal skipping have been associated
with overweight(1,6), dieting(50), snacking(51), irregular
breakfast consumption(8,52) and media use(53,54), and also
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family-related measures e.g. parents’ lunch habits and the
family values related to eating could be considered(55,56).
Implications
From a public health perspective it is important to focus on
adolescents’ lunch frequency as meal frequencies may
inﬂuence the health and well-being of adolescents(1–6,8,11).
Our results highlight the importance of considering students’
sociodemographic circumstances when promoting lunch
frequency, e.g. free lunch for students at school. Provision of
lunch meals at school has been shown to improve the
quality of students’ dietary intake(28,29). The current study is
based on natural variations in school-level characteristics
and controlled interventions introducing more variation are
needed to identify the school characteristics most relevant
for promoting frequent lunch consumption among
adolescents. Although difﬁcult to manage in practice, the
present study indicates that the inﬂuence of school-level
characteristics on adolescents’ lunch frequency depends
on individual-level sociodemographic factors.
The present study identiﬁes consistent associations
between sociodemographic factors and adolescent lunch
frequency. To understand the mechanisms underlying
these observations, additional qualitative and quantitative
studies are needed. Further, there is a need for more
studies examining the predictors and consequences of low
lunch frequency in longitudinal designs. These should
combine information on both lunch frequency and quality
of the lunch eaten. Future research should include more
reﬁned variables to explain more of the association
between the school setting and low lunch frequency.
Further, the measure of availability of lunch should be
developed to include food offered, quality and price of
food. Other school setting factors that might inﬂuence
adolescents’ lunch frequency could be characteristics of
the eating environment at the school. A nice and pleasant
eating environment may encourage adolescents to eat
lunch. Also it would be interesting to include explanatory
factors at the school class level. Denmark is an obvious
setting to study school class inﬂuence since students
generally attend the same school class during their entire
school period. Relevant class-level variables would be
physical amenities and direct measures of perceptions of
lunch consumption in the class.
The ecological model also includes the social setting
and we propose that future research adopts this model in
order to provide a better understanding of adolescents’
lunch habits. In the present study we have no measure of
the social setting, e.g. whether the participants’ friends and
parents eat lunch. Other studies have found that meal
skipping is associated with parental and friends’ meal
skipping and that adolescents who skip breakfast are more
friend-oriented than adult-oriented(21,47,55,57). In future
studies it would be interesting to include friend- and
family-related measures and to explore if the school set-
ting modiﬁes the inﬂuence of the family setting.
Conclusion
The variation in adolescent lunch frequency is mainly
attributable to factors at the individual level. Low lunch
frequency is more common among boys, students from
medium and low family social class, descendants of
immigrants, students living in single parent or recon-
structed families, and among the older students. In the
school setting, the presence of an adult during lunch
breaks promotes frequent lunch consumption while
availability of a canteen does not promote frequent lunch
consumption. The effect of the school setting factors varies
in different age groups.
Acknowledgements
Acknowledgements: The authors thank the Health Beha-
viour in School-aged Children (HBSC) for use of data.
The international coordinator is Professor Candace Currie
from the University of St Andrews and the international
data bank manager is Professor Oddrun Samdal from the
University of Bergen. Danish Principal Investigators are
Professor Pernille Due and Associated Professor Mette
Rasmussen from the National Institute of Public Health.
Financial support: This work was supported by the
Nordea Foundation (grant number 02-2011-0122). The
Nordea Foundation had no role in the design, analysis or
writing of this article. Conﬂict of interest: None. Authorship:
T.P.P., B.E.H. and M.R. contributed to the planning of
research questions and analytical strategy. Data analyses
were conducted by T.P.P. T.P.P. drafted the manuscript with
critical input and interpretations from B.E.H., R.K., A.K.E.,
T.S.J., A.K.A., J.U., S.A.M., D.N.-S. and M.R. All authors
read and approved the ﬁnal manuscript. Ethics of human
subject participation: This study was conducted according
to the principles of informed consent, with oral and written
information for the participants that participation was
voluntary and completely anonymous. It was conducted
according to the guidelines laid down in the Declaration of
Helsinki Ethical and approval was not required. In Denmark,
there is no agency for approval of non-invasive studies such
as questionnaire-based studies in the general population.
Because there is no such agency, we asked for approval by
the school headmasters and school boards.
References
1. Toschke AM, Kuchenhoff H, Koletzko B et al. (2005) Meal
frequency and childhood obesity. Obes Res 13, 1932–1938.
2. Storey KE, Hanning RM, Lambraki IA et al. (2009) Deter-
minants of diet quality among Canadian adolescents. Can J
Diet Pract Res 70, 58–65.
3. Rampersaud GC, Pereira MA, Girard BL et al. (2005) Break-
fast habits, nutritional status, body weight, and academic
performance in children and adolescents. J Am Diet Assoc
105, 743–760.
882 TP Pedersen et al.
4. Pedersen TP, Meilstrup C, Holstein BE et al. (2012) Fruit and
vegetable intake is associated with frequency of breakfast,
lunch and evening meal: cross-sectional study of 11-, 13-,
and 15-year-olds. Int J Behav Nutr Phys Act 9, 9.
5. Nicklas TA, Baranowski T, Cullen KW et al. (2001) Eating
patterns, dietary quality and obesity. J Am Coll Nutr 20,
599–608.
6. Koletzko B & Toschke AM (2010) Meal patterns and
frequencies: do they affect body weight in children and
adolescents? Crit Rev Food Sci Nutr 50, 100–105.
7. Fabritius K & Rasmussen M (2008) Breakfast habits and
overweight in Danish schoolchildren. The role of socio-
economic positions. Dan Med Bull 170, 2559–2563.
8. Sjöberg A, Hallberg L, Höglund D et al. (2003) Meal pattern,
food choice, nutrient intake and lifestyle factors in The
Goteborg Adolescence Study. Eur J of Clin Nutr 57, 1569–1578.
9. Hoyland A, Dye L & Lawton CL (2009) A systematic review
of the effect of breakfast on the cognitive performance of
children and adolescents. Nutr Res Rev 22, 220–243.
10. Cooper SB, Bandelow S & Nevill ME (2011) Breakfast
consumption and cognitive function in adolescent school-
children. Physiol Behav 103, 431–439.
11. Institute of Human Nutrition (2009) Food Inﬂuence on
Learning and Behaviour Among Children – A Literature
Review. Copenhagen: Institute of Human Nutrition, Faculty
of Life Science, Copenhagen University.
12. Dubuisson C, Lioret S, Dufour A et al. (2011) Socio-
economic and demographic variations in school lunch
participation of French children aged 3–17 years. Public
Health Nutr 14, 227–238.
13. Shi Z, Lien N, Kumar BN et al. (2005) Socio-demographic
differences in food habits and preferences of school ado-
lescents in Jiangsu Province, China. Eur J Clin Nutr 59,
1439–1448.
14. Abudayya AH, Stigum H, Shi Z et al. (2009) Socio-
demographic correlates of food habits among school ado-
lescents (12–15 year) in North Gaza Strip. BMC Public
Health 9, 185.
15. Haapalahti M, Mykkanen H, Tikkanen S et al. (2003) Meal
patterns and food use in 10- to 11-year-old Finnish children.
Public Health Nutr 6, 365–370.
16. Rasmussen M & Due P (2010) Skolebørnsundersøgelsen
2010 (The Danish Health Behaviour in School-Aged
Children Study 2010). Copenhagen: Research programme
in Children and Adolescent Health and Well-being, National
Institute of Public Health, University of Southern Denmark.
17. DTU Food (2012) Children and Adolescents’ Meal Habits
2005–2008. Copenhagen: DTU Food, National Food
Institute.
18. Pedersen TP, Holstein BE, Flachs EM et al. (2013) Meal
frequencies in early adolescence predict meal frequencies
in late adolescence and early adulthood. BMC Public Health
13, 445.
19. Höglund D, Samuelson G & Mark A (1998) Food habits in
Swedish adolescents in relation to socioeconomic condi-
tions. Eur J Clin Nutr 52, 784–789.
20. Vereecken C, Dupuy M, Rasmussen M et al. (2009) Break-
fast consumption and its socio-demographic and lifestyle
correlates in schoolchildren in 41 countries participating in
the HBSC study. Int J Public Health 54, 180–190.
21. Pearson N, Biddle SJ & Gorely T (2009) Family correlates of
breakfast consumption among children and adolescents.
A systematic review. Appetite 52, 1–7.
22. Jørgensen A, Pedersen TP, Meilstrup CR et al. (2011) The
inﬂuence of family structure on breakfast habits among
adolescents. Dan Med Bull 58, A4262.
23. Levin KA, Kirby J & Currie C (2012) Family structure and
breakfast consumption of 11–15 year old boys and girls in
Scotland, 1994–2010: a repeated cross-sectional study. BMC
Public Health 12, 228.
24. Story M, Nanney MS & Schwartz MB (2009) Schools and
obesity prevention: creating school environments and
policies to promote healthy eating and physical activity.
Milbank Q 87, 71–100.
25. Story M, Kaphingst KM & French S (2006) The role of
schools in obesity prevention. Future Child 16, 109–142.
26. Krølner R, Due P, Rasmussen M et al. (2009) Does school
environment affect 11-year-olds’ fruit and vegetable intake
in Denmark? Soc Sci Med 68, 1416–1424.
27. Neumark-Sztainer D, French SA, Hannan PJ et al. (2005)
School lunch and snacking patterns among high school
students: associations with school food environment and
policies. Int J Behav Nutr Phys Act 2, 14.
28. Raulio S, Roos E & Prättälä R (2010) School and workplace
meals promote healthy food habits. Public Health Nutr 13,
987–992.
29. Condon EM, Crepinsek MK & Fox MK (2009) School meals:
types of foods offered to and consumed by children at lunch
and breakfast. J Am Diet Assoc 109, 2 Suppl., S67–S78.
30. Young EM & Fors SW (2001) Factors related to the eating
habits of students in grades 9–12. J Sch Health 71, 483–488.
31. Getlinger MJ, Laughlin VT, Bell E et al. (1996) Food waste is
reduced when elementary-school children have recess
before lunch. J Am Diet Assoc 96, 906–908.
32. Story M, Neumark-Sztainer D & French S (2002) Individual
and environmental inﬂuences on adolescent eating behaviors.
J Am Diet Assoc 102, 3 Suppl., S40–S51.
33. Sallis JF & Owen N (2002) Ecological models of health
behavior. In Health Behavior and Health Education The-
ory, Research, and Practice, pp. 462–484 [K Glanz, B Rimer
and K Viswanath, editors]. San Francisco, CA: Jossey-Bass.
34. Golden SD & Earp JA (2012) Social ecological approaches to
individuals and their contexts: twenty years of health edu-
cation & behavior health promotion interventions. Health
Educ Behav 39, 364–372.
35. Kremers SP, de Bruijn GJ, Visscher TL et al. (2006) Environ-
mental inﬂuences on energy balance-related behaviors:
a dual-process view. Int J Behav Nutr Phys Act 3, 9.
36. Brug J, Kremers SP, Lenthe F et al. (2008) Environmental
determinants of healthy eating: in need of theory and
evidence. Proc Nutr Soc 67, 307–316.
37. Ministry of Education (2014) Facts about the primary and
lower secondary levels of education cover the public school
system (the Folkeskole) and private schools. http://eng.
uvm.dk/~/media/UVM/Filer/English/Fact%20sheets/080101_
fact_sheet_the_folkeskole.ashx (accessed April 2015).
38. Currie C, Nic GS & Godeau E (2009) The Health Behaviour
in School-aged Children: WHO Collaborative Cross-National
(HBSC) study: origins, concept, history and development
1982–2008. Int J Public Health 54, 131–139.
39. Roberts C, Freeman J, Samdal O et al. (2009) The Health
Behaviour in School-aged Children (HBSC) study: metho-
dological developments and current tensions. Int J Public
Health 54, 140–150.
40. Lien N, Friestad C & Klepp KI (2001) Adolescents’ proxy
reports of parents’ socioeconomic status: how valid
are they? J Epidemiol Community Health 55, 731–737.
41. Hansen EJ (1986) The Living Circumstances of the Danish
People – 1986 Compared to 1976: An Interview Study of
4500 Danish People. Copenhagen: Hans Reitzels Publisher.
42. Galobardes B, Shaw M, Lawlor DA et al. (2006) Indicators of
socioeconomic position (part 2). J Epidemiol Community
Health 60, 95–101.
43. Musert R, Jager KJ, Zoccali C et al. (2009) The effect of joint
exposures: examining the presence of interaction. Kidney
Int 75, 677–681.
44. Vandenbroucke JP, von Elm E, Altman DG et al. (2007)
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): explanation and elaboration. PLoS
Med 10, e297.
Lunch frequency among adolescents 883
45. Rabe-Hesketh S& Skrondal A (2008)Higher-levelmodelswith
nested random effects. In Multilevel and Longitudinal Mod-
eling Using Stata, pp. 385–396. College Station, TX: Stata Press.
46. Merlo J, Chaix B, Ohlsson H et al. (2006) A brief conceptual
tutorial of multilevel analysis in social epidemiology: using
measures of clustering in multilevel logistic regression to
investigate contextual phenomena. J Epidemiol Community
Health 60, 290–297.
47. Johansen A, Rasmussen S &Madsen M (2006) Health behaviour
among adolescents in Denmark: inﬂuence of school class
and individual risk factors. Scand J Public Health 34, 32–40.
48. Bandura A (1977) Social Learning Theory. Englewood
Cliffs, NJ: Prentice Hall.
49. Park S, Sappenﬁeld WM, Huang Y et al. (2010) The impact
of the availability of school vending machines on eating
behavior during lunch: the Youth Physical Activity and
Nutrition Survey. J Am Diet Assoc 110, 1532–1536.
50. Neumark-Sztainer D & Story M (1998) Dieting and binge
eating among adolescents: what do they really mean? J Am
Diet Assoc 98, 446–450.
51. Savige G, Macfarlane A, Ball K et al. (2007) Snacking
behaviours of adolescents and their association with
skipping meals. Int J Behav Nutr Phys Act 4, 36.
52. Tin SP, Ho SY, Mak KH et al. (2011) Lifestyle and
socioeconomic correlates of breakfast skipping in
Hong Kong primary 4 schoolchildren. Prev Med 52,
250–253.
53. Custers K & Van den Bulck J (2010) Television viewing,
computer game play and book reading during meals
are predictors of meal skipping in a cross-sectional sample
of 12-, 14- and 16-year-olds. Public Health Nutr 13,
537–543.
54. Van den Bulck J & Eggermont S (2006) Media use as a
reason for meal skipping and fast eating in secondary
school children. J Hum Nutr Diet 19, 91–100.
55. Pearson N, Williams L, Crawford D et al. (2012) Maternal
and best friends’ inﬂuences on meal-skipping behaviours.
Br J Nutr 108, 932–938.
56. Burgess-Champoux TL, Larson N, Neumark-Sztainer D et al.
(2009) Are family meal patterns associated with overall diet
quality during the transition from early to middle adoles-
cence? J Nutr Educ Behav 41, 79–86.
57. Bruening M, Eisenberg M, MacLehose R et al. (2012)
Relationship between adolescents’ and their friends’ eating
behaviors: breakfast, fruit, vegetable, whole-grain, and
dairy intake. J Acad Nutr Diet 112, 1608–1613.
884 TP Pedersen et al.
